HC. B7-1 expression regulates the hypoxia-driven cytoskeleton rearrangement in glomerular podocytes. Am J Physiol Renal Physiol 304: F127-F136, 2013. First published September 26, 2012 doi:10.1152/ajprenal.00108.2012.-Chronic hypoxia has been recognized as a common mechanism driving the progression of many glomerular diseases. Glomerular cells, although susceptible to hypoxic injuries, are less studied to unravel the hypoxia-related influences. In the present study, we showed that both lipopolysaccharide (LPS) and hypoxia induced B7-1 and hypoxia-inducible factor (HIF)-1␣ expression in podocytes. B7-1, an essential player in the regulation of podocyte stress fibers, interacted directly with the NH 2-terminal oxygenation domain of HIF-1␣ protein and, therefore, might interfere with the HIF-related oxidative events. The suggestion was supported by the changes in the expression of inducible nitric oxide synthase and nitric oxide. The orderly arranged stress fibers in differentiated podocytes were disrupted by either LPS or hypoxic stimulation, and the disruption could be rescued if they were brought back to normal oxygen tension. Cell motility increased with the stimulation by LPS and hypoxia, most probably mediated by the induction of B7-1 and HIF-1␣, respectively. We generated a B7-1 knockdown podocyte cell line using the lentiviral small interfering RNA system. The LPS-and hypoxia-induced stress fiber disruption was largely prevented in the B7-1 knockdown podocytes. The increased cell motility by LPS and hypoxia stimulations was also ameliorated in the B7-knockdown podocytes. In summary, we found that both B7-1 and HIF were upregulated by LPS and hypoxic stimulations in podocytes and they interacted with each other. Hypoxia disrupted the abundant stress fibers and increased cell motility. These hypoxia-induced changes were prevented in B7-knockdown podocytes, and they highlighted the importance of B7-1 expression in the hypoxia-related podocyte injuries.
contributes to tubulointerstitial fibrosis (27) , but little is known about its implications for glomerular damage and glomerulosclerosis. The biological influences of hypoxia are largely mediated through the activation of the transcription factor hypoxia-inducible factor (HIF; Ref. 39) . With low oxygen tension, accumulated HIF binds to the hypoxia-responsive element of the target genes and activates their transcription. Relationships between chronic kidney hypoxia and HIF are actually more complicated because studies have proved that factors other than low oxygen tension itself may contribute to the state of chronic intrarenal hypoxia (12) and HIF can be induced by factors other than hypoxia (11) . An important hypoxia-related effect is the cytoskeletal rearrangement and change of cell motility, and it has been demonstrated that hypoxia directly and/or indirectly promotes the actin-mediated cancer cell motility and the redistribution of vimentin intermediate filament in endothelial cells (19) .
Podocytes, playing important roles in every glomerulopathy (23) , are highly differentiated glomerular cells specially equipped with their interdigitating foot processes (FPs), and the integrity of FPs is an essential part of the glomerular filtration barrier preventing passage of excessive plasma proteins into urine (35) . It is the actin cytoskeleton that maintains the architecture of podocyte FPs and responds to external signals to dynamically modify their functions by changing phenotypes between static and motile ones (8) . Regulation of podocyte FPs cytoskeleton involves multiple surface and adapter proteins, for example, nephrin (36) , synaptopodin (45) , Rho-family GTPases (1), and B7-1. B7-1, also named CD80, is one of the families of costimulatory molecules that were thought to be primarily expressed in the antigen-presenting cells (40) . The functional aspect of B7-1 in nonimmune cells was rarely discussed, but it was shown to participate in the pathogenesis of various experimental [lipopolysaccharide (LPS) and puromycin] and clinical proteinuric glomerular diseases by interfering with podocyte FP cytoskeleton (34) . B7-1 knockout mice were found to resist the induction of proteinuria after injection of Escherichia coli LPS, and therefore, B7-1 was suggested to be important in the regulation of podocyte FPs cytoskeleton and also in the development of proteinuric glomerular diseases (34) . In the kidney, B7-1 expression was induced in glomerular endothelium after ischemia/reperfusion injury (37) . The literature has provided many examples of experiments in which LPS induces the accumulation of HIF in various experimental disease models (15, 33) , but the potential interrelationship and interaction between HIF and B7-1 was never investigated although both are important factors in the pathogenesis of chronic glomerular diseases. The purpose of the present study is to demonstrate the involvement of B7-1 and HIF in the experimental hypoxic stimulation of glomerular podocytes and to show how their interaction might influence the cytoskeletal rearrangement and cell motility. Nitric oxide synthase (NOS) expression and nitric oxide (NO) release, which responded faithfully to hypoxia (14) and participated in cytoskeletal regulation (42) , are also shown to support the critical role of B7-1.
MATERIALS AND METHODS
Glomerular podocyte culture. All the reagents used in cell culture were purchased from GIBCO unless otherwise described. H-2K btsA58 ϩ/Ϫ transgenic mice were purchased from Charles River Laboratory, and their offsprings were genotyped to select H-2K b -tsA58
ϩ/ϩ mice. The mouse glomerular podocyte cell line was generated according to the original method (22) . Glomeruli were isolated and cultured in DMEM/10% FCS. The appropriate podocyte cell line was isolated and maintained according to the standard method. This conditionally immortalized mouse podocyte cell line was then grown on type-I collagen (BD Biosciences)-coated flask in RPMI 1640 medium containing 10% FBS and 100 U/ml penicillin-streptomycin. Furthermore, 10 U/ml of recombinant mouse ␥-interferon (Cellsciences, Canton, MA) were added in permissive conditions (33°C) for cell proliferation. Differentiation of podocytes can be induced by transferring the cells to 37°C (nonpermissive) for 14 days in complete medium without ␥-interferon. Fully differentiated cells are molecularly characterized (data not shown) by staining with WT-1 and the podocytespecific protein synaptopodin (21) . Morphologically, differentiated podocytes display a fully arborized shape and are ready for experiments.
RT-PCR, SDS-PAGE, and immunocytochemistry.
For mRNA expression, total RNAs were extracted from differentiated podocytes using TRIzol reagent (GIBCO-BRL) and reversely transcribed to cDNA with Superscript II (Invitrogen). RT-PCR was performed in the GeneAmp PCR System 2400 (Perkin Elmer), and cycle numbers were set to be 20 to avoid excessive amplification, using GAPDH as control. PCR products were then applied to agarose gel electrophoresis and visualized with an ultraviolet transilluminator. Primers recognizing B7-1 at a 203-bp band (49 -251) were 5=-CCATGTC-CAAGGCTCATTCT and 3=-TTCCCAGCAATGACAGACAG. Primers recognizing HIF-1␣ at a 201-bp band (1,176 -1,376) were 5=-GGAGCCTGATGCTCTCACTC and 3=-TTTGGAGTTTCCGAT-GAAGG. Primers recognizing GAPDH at a 407-bp band were 5=-CCCTTCATTGACCTCAACTACAT and 3=-ACAATGCCAAAGT-TGTCATGGAT.
For protein analysis, cultured podocytes were trypsinized from the culture plates and collected after centrifuge at 3,000 rpm at 4°C for 5 min and washed twice with iced PBS. The cell pellet was resuspended, and lysis buffer (150 mM NaCl, 50 mM Tris·HCl, and 1% Triton X-100) containing protease inhibitors were added and stayed on ice for 30 min. The cell lysate was cleared by centrifugation for 5 min at 18,000 g. Lysate was applied to SDS-PAGE and Western blot as previously described (45) . The membranes were blotted with anti-B7-1 (Abcam), anti-HIF (Cellsciences), and anti-inducible nitric oxide synthase (iNOS; Abcam) polyclonal antibody (0.1ϳ0.2 g/ml) and GAPDH (Abcam) monoclonal antibody (1:5,000). The immunoreaction was visualized with enhancement using ECL or ECL plus (Amersham Pharmacia Biotech).
Podocytes were placed on the coverglass for 14 days for full differentiation before straining stress fibers (SFs). For immunofluorescent labeling, cells were fixed with 4% paraformaldehyde and incubated with blocking solution (2% FCS, 2% BSA, and 0.2% fish gelatin) for 30 min at room temperature before further incubation with the primary antibodies (anti-phalloidin, Molecular Probes R415) for 1 h at room temperature. For double labeling, cells were washed three times with PBS for 5 min, and the second primary antibody (anti-B7-1, BD Biosciences) was applied for 60 min. Antigen-antibody complexes were visualized with secondary antibodies conjugated with fluorochrome (FITC or rhodamine). Stained cells were examined with Zeiss Axio Observer Z1 fluorescence microscope (Carl Zeiss MicroImaging, Göttingen, Germany) and processed with PhotoImpact X3 software (Ulead System, Taiwan). For quantitative analysis of SFs, the content of F-actin was determined by a software program allowing measuring simultaneously the number of actin SFs per cell and the individual cell size in a given area. The ratio of SFs to total cell size was quantified using NIH Image software (http://www.cc.nih.gov/cip/ ip_packages/ip_packages.html).
Molecular cloning and protein interaction. For the B7-1 and HIF-1 coimmunoprecipitation (co-IP) study, PCR products were ligated into pEGFP-C1 (BD Biosciences-Clontech) and pFLAG 5a (Sigma-Aldrich) and cloned according to the standard method. All constructs were verified by DNA sequencing. Transient transfection of HEK293 cells was performed using FuGene 6 reagent (Roche Diagnostics) at a 1:3 DNA:Fugene ratio in accordance with the manufacturer's protocol. The GFP-B7-1 plasmid contained the cytoplasmic domain of B7-1 (93 bp/31 aa). The full-length HIF-1␣ comprised 2,511 bp/837 aa and could be further divided into a NH 2-terminal oxidation domain and a COOH-terminal hydroxylation domain. Therefore, in our experiment, the full-length HIF-1␣ sequence was cut and ligated to FLAG vector and HIFN (1,200 bp/400 aa) and HIFC (1,311 bp/437 aa) plasmids were made for IP study.
For GFP-and FLAG-tagged fusion protein co-IP experiments, 1 l of cell extract was incubated with 40 l agarose beads coated with anti-FLAG antibody (Sigma-Aldrich) at 4°C for 2 h. Beads were collected by centrifugation for 1 min at 1,000 g and washed five times with 1 ml of IP buffer for 30 min on a rotator. Bound proteins were eluted by boiling agarose beads in 50 l Laemmli buffer at 95°C for 5 min and analyzed by immunoblotting using an anti-GFP antibody. Antibodies against FLAG and GFP were used at 1:10,000 and 1:300, respectively. Co-IP of endogenous proteins from differentiated wildtype (WT) podocytes was done as previously described (1). For short, 0.5 mg lysate extract was precleared with protein A-Sepharose 4B (Sigma-Aldrich) in 0.5 ml TNE buffer (250 mM NaCl, 5 mM EDTA, 10 mM Tris pH 7.4, and proteinase inhibitors) for 1 h at 4°C to remove immunoglobulin-like proteins that might cause nonspecific binding to the beads. Extracts were incubated with precipitating antibodies for 2 h at 4°C. The beads were centrifuged and washed five times in TNE buffer before eluting proteins by boiling the samples for 5 min in sample buffer (with ␤-ME) at 95°C. Samples were then applied to SDS-PAGE and immunoblotted with the second antibody.
Cell motility. Transwell cell culture inserts (pore size: 5 m; Costar, Corning, NY) were coated with type-I collagen, rinsed once with PBS, and placed in RPMI medium in the lower compartment. For each experiment, 1 ϫ 104 WT and B7-1 knockdown podocytes were seeded in the inserts and allowed to migrate for 24 h while being incubated at 37°C. Nonmigratory cells were removed from the upper surface of the membrane, and migrated cells were fixed with cold methanol and stained with Crystal Violet Solution (Sigma-Aldrich). The number of migrated cells was counted using phase-contrast microscopy with a ϫ10 objective on an ECLIPSE TS 100 microscope (Nikon, Tokyo, Japan) in the center of a membrane (one field). The data presented represent the means Ϯ SD of five independent experiments.
Differentiated WT and B7-1 knockdown podocytes (each 7ϫ105) were seeded overnight on type-I collagen-coated coverslips in sixwell plates. Each coverslip was then scratched with a sterile 200-l pipette tip, washed with PBS, and placed into fresh medium. After 24 h, cells were fixed with 4% paraformaldehyde and permeabilized with 0.3% Triton X-100 in PBS and cell nuclei were stained with DAPI. Pictures were captured by phase-contrast microscopy under a ϫ10 objective on an ECLIPSE TS 100 microscope (Nikon) at 0 and 24 h after scratching, and the number of cells that had migrated into the same-sized square fields (see Fig. 4B ) were counted. The data presented represent the means Ϯ SD of five independent experiments.
B7-1 and HIF-1␣ RNA knockdown. To perform B7-1 and HIF-1␣ message knockdown, several shRNAs from both gene sequences with overall guanine/cytosine (GC) content 55-65% were selected and cloned into Lentiviral expression vector using protocol and reagents generously provided by Dr. Pavel Osten (Max Planck Institute, Heidelberg, Germany; Ref. 5). In brief, oligos were annealed and ligated to the BbsI/BstBI-cut pCMV-U6 vector, and transformed to E. coli. Colonies selected with zeocin were picked and applied to PCR with the forward primer NheI-U6 5=-cccgctagcatccgacgccgccatctcta3=and backward primer pCMV-U6oligo 5=-ccaccgcatccccagcatgcc-3=. Positive clones containing small interfering (si)RNA can be differentiated from the product length on the gel (50 bp higher). The silencing efficacy of the pCMV-U6/siRNA plasmid was tested by transfecting 4 g of plasmid to HEK cells to compare the difference of green fluorescence from GFP expression using pEGFP plasmid-transfected HEK cells as a control. The U6-siRNA cassette was released from the pCMV vector through NheI/BstBI digestion and cloned into FUGW linker. Ligated FUGW plasmid was digested with Not I and applied to gel. The positive clone with U6-siRNA cassette showing both 3,500-and 6,871-bp bands was selected. For viral production, 1 g FUGWsiRNA plasmid, 7.5 g Delta 8.9, and 5 g pVSV plasmid were transfected into HEK cells. The supernatant was collected after transfection for 72 h, centrifuged, concentrated, and stored at Ϫ80°C. The working viral titer for proper RNA knockdown in our experiments is 3-5ϫ10 6 infectious particles per 1 l. Measurement of NO production. NO measurements were made with a commercially available NO meter (ISO-NO MARK II; World Precision Instruments, Sarasota, FL), based on a previously published design, measuring polarographically the concentrations of NO gas in aqueous solutions. The NO concentration is displayed as redox current. The probe cannot detect peroxynitrite or any other free radical. The sensor probe housing is covered with a gas-permeable membrane. NO diffusing through the membrane is oxidized at the working platinum electrode, resulting in an electrical current. The current flow is proportional to the rate of diffusion, which is proportional to NO concentration at the membrane's outer surface. For calibration, NaNO 2 (0.05 mM) was used as a generator of NO in a KI, H2SO 4
2Ϫ
, and K2SO 4 2Ϫ mixture, based on the equation:
For the experiments, the sensor probe was inserted and the tip of the electrode was dipped ϳ1 cm into the medium. All gas measurements were performed at 37°C in a shaking water bath.
Statistics. Results are expressed as means Ϯ SD. Differences between groups were analyzed by unpaired Student's t-test. Values of P Ͻ 0.05 were considered statistically significant.
RESULTS

Expression of B7-1 and HIF-1␣ in podocytes.
WT podocytes did not express significant B7-1 mRNA expression in unstimulated condition. However, it was greatly enhanced by treatment with E. coli LPS, comparable to that in control cells (RAW 264.7, a macrophage lineage) but not by high glucose (30 mM). Unlike B7-1, HIF-1␣ mRNA expression remained unaffected by LPS stimulation (Fig. 1A) . Furthermore, B7-1 message was also upregulated by low-oxygen tension (1% oxygen) to the extent as that in LPS treatment (Fig. 1B) . Hypoxic stimulation (1% oxygen) augmented the LPS-stimulated B7-1 expression, but it could be largely reversed by putting the cells back into the high oxygen environment. Cobalt, mimicking the effect of hypoxia, could only marginally bring up the message, but deferoxamine could not (Fig. 1C) . Figure 1D shows the expression of B7-1 and HIF-1␣ protein in podocytes. WT podocytes did not express B7-1, in contrast to the podocytes with their ␣ 3 -integrin genetically depleted and indigenously expressed B7-1. LPS and hypoxia stimulations increased both the B7-1 and HIF-1␣ protein expression. The difference between HIF message and protein expression might reflect the different effects of LPS and hypoxia on the transcriptional and translational machineries. The hypoxia-stimulated increase of both proteins would be reversed if the podocytes were brought back to high oxygen incubator. As in the situation of mRNA, cobalt could only marginally increase the expression of both proteins, and hypoxia greatly enhanced them.
B7-1 and HIF-1␣ protein interaction: co-IP and endogenous IP. Figure 2A shows the result of co-IP between B7-1 and full-length HIF-1␣ proteins, using B7-podocin interaction as control. The FLAG beads-eluted products were blotted with anti-GFP antibody. Only the B7-HIF lane showed a positive band, which demonstrated the interaction between two proteins. To minimize the influence of amplification in the co-IP experiment, endogenous proteins were extracted and studied (Fig. 2B) . Both anti-B7-1 and anti-HIF antibodies were able to precipitate and blot each other and the result demonstrated the true interaction between two proteins. A further experiment (Fig. 2C) showed that B7-1 interacted with HIFN but not HIFC (because of the obvious nonspecific interaction between HIFC and empty GFP vector), which indicated that B7-1 might involve the oxidation but not hydroxylation of HIF 1␣.
Cytoskeletal patterns in podocytes. Figure 3 shows the changes of cytoskeletal rearrangement of podocyte SFs in various conditions. WT-differentiated podocytes normally display many long, parallel, nonbranching SFs (Fig. 3A) as the source of internal fixation and tension. The SFs became shortened and the orderly pattern was disrupted by LPS and LPS also upregulated the expression of B7-1 (Fig. 3B , green FITC fluorescence), which was absent in unstimulated state. Figure  3C showed the changes of podocytes after staying inside the low oxygen (1%) incubator for 24 h. The numbers of SFs were decreased and the pattern of distribution was also made different, along with the appearance of B7-1 fluorescence. The change could be rescued by putting the podocytes back to the incubator with normal oxygen tension for another 24 h (Fig.  3E) . Changes of SFs and B7-1 in podocytes were similar to either LPS or low oxygen if both were simultaneously given (Fig. 3D) . Cobalt, used to mimic hypoxia, induced similar changes as in low oxygen (Fig. 3F) . B7-1 RNA knockdown podocyte cell line was created by the use of lentiviral-based system (Fig. 3J) . The lentiviral-B7 knockdown podocytes resisted the challenge from LPS and low oxygen (Fig. 3, G and  H) . Their SF pattern was as in the unstimulated WT podocytes and B7-1 expression was negative by either stimulation. Alterations of the amount of actin SFs in the above situations were quantitatively evaluated and were shown in Fig. 3I .
Regulation of podocyte migration. In vivo differentiated podocytes rarely migrate unless required. Compared with WT podocytes, both LPS-treated and hypoxia-stimulated podocytes displayed a significantly increased motility which was evaluated by the Transwell experiments. The increase of cell motility was prevented if podocytes were depleted of B7-1 expression by B7-lentiviral transfection. The result showed that migration of podocytes was mediated through the expression of B7-1, at least in the situations of LPS and hypoxia stimulation. (Fig. 4A) . Data are displayed as means Ϯ SD of five indepen- dent experiments. In the scrape wound assay, the increased directed cell migration was also shown in the hypoxia-stimulated podocytes but migration of B7-1 knockdown podocytes was not increased (Fig. 4B) .
Regulation of hypoxia-induced iNOS expression and NO production.
Hypoxia induces multiple cellular responses to compensate for the adverse effects, including iNOS. As shown in Fig. 5A , WT podocytes exhibited low level of iNOS mRNA message in basal state. LPS significantly upregulated iNOS message, and hypoxia induced an even greater enhancement. In B7-1 knockdown podocytes, the increase of iNOS message was largely prevented. If WT podocytes were pretreated with Abatacept (CTLA4-Ig, Orencia; Bristol-Myers Squibb), B7-1=s partner of inhibitory costimulation, the LPS-induced increase in iNOS expression was prevented, too. Figure 5 , B and C, shows the changes of iNOS protein and, as in Fig. 5A , B7-1 knockdown and CTLA4-Ig significantly attenuated the hypoxia-induced iNOS expression. Basal level of gaseous NO released into medium of unstimulated WT podocytes was consistently low (average: 2.6 Ϯ 0.4 nM/per 10 6 cells). LPS treatment significantly enhanced the NO production (average: 22.4 Ϯ 8.8 nM). Staying in the hypoxic incubator further stimulated NO release to 46.5 Ϯ 11.0 nM in WT podocytes but failed to induce such a sizable NO release in B7-1 knockdown podocytes (11.2 Ϯ 3.9 nM) and in Abatacept-treated WT podocytes (15.5 Ϯ 4.4 nM; Fig. 5D ).
DISCUSSION
In the present study, we found a similar pattern of expression of B7-1 and HIF-1␣ in glomerular podocytes when they were confronted by either LPS or hypoxia. These two proteins interacted with each other, more specifically, between the cytoplasmic domain of B7-1 and the oxidation domain of HIF-1␣. Orderly arrangement of SFs in podocytes was disrupted by LPS and hypoxia and could be prevented by B7-1 knockdown. The hypoxia-induced increased cell motility was also avoided in B7-1 knockdown podocytes. As a stable responder to hypoxia, iNOS expression and gaseous NO production increased, and such increase was attenuated in B7-1 knockdown podocytes and by treatment with CTLA4-Ig, an inhibitory regulator of B7-1. Our results showed that the biological influences of hypoxia to glomerular podocytes were B7-1-mediated in the scope of cell motility.
Although the blood flow to kidneys is high, the presence of oxygen shunt diffusion between the neighboring and parallel arterial/venous vessels keeps the oxygen tension comparatively low (30 -50 mmHg at most; Ref. 38) . Further, the kidneys must execute a high metabolic activity with this relatively low oxygen tension and are, therefore, sensitive and vulnerable to the changes in oxygen delivery. While the sensitivity may have the merit of facilitating the synthesis of erythropoietin to rescue the impaired oxygen delivery, it also renders the kidneys prone to hypoxic injury. There are multiple complementary mechanisms by which hypoxia can arise besides microvascular obliteration (7), including 1) an imbalance of vasoactive factors, notably angiotensin II and nitric oxide; 2) high metabolic demand, especially with the hyperfiltration from the remnant uninjured nephrons; 3) impaired diffusion through the deposition of extracellullar matrix, although difficult to quantify; and 4) anemia. All the above factors make remnant glomeruli prone to relatively hypoxic, although they theoretically received arterial blood supply. Furthermore, accumulating evidence suggests that chronic hypoxia is a final common feature driving the progression of CKD (27) , but it is difficult to study in vivo. Studies concerning renal hypoxia emphasized more on the importance of tubulointerstitial involvement (20) but less on the roles of glomerular changes. Glomerulosclerosis is a prominent consequence of glomerular hypoxia and can lead to hypoxic damage to tubulointerstitium by, at least, the obliteration of parental glomerular capillaries (17) . Therefore, in the scope of renal hypoxia, tubulointerstitial injury and glomerular change contribute to and aggravate each other by different mechanisms. There were only few studies discussing hypoxic injury on glomerular cells, and the present study tends to confer the significance of this topic through the experiments of B7-1 and HIF in glomerular podocytes. Podocytes, the terminally differentiated cell type among the cellular components in kidneys, are rather vulnerable to various classes of damage, either genetic or environmental (43) . It is generally acknowledged that podocyte damage stands in the center of almost all the proteinuric glomerular diseases and contribute to the disease initiation and progression (18) . The most particular features of podocytes are no doubt the interdigitating FPs extending from the cellular processes of podocytes and the slit diaphragms (SDs) bridging the neighboring FPs. FPs and SDs are by far the most important mechanical structures in glomeruli to prevent the excessive loss of plasma protein to urine (13) . Maintenance of FPs and SDs integrity relies heavily on the dynamic regulation of SFs composed of actin cytoskeleton (9) . It has been demonstrated that dysregulated actin filament organization leads to the disappearance of delicate FPs and SDs (29) , which has constantly been described in human proteinuric kidney diseases as well as in animal models of proteinuria. Many membrane and adaptor proteins collaborate to help maintain this complex balance (8, 6) , and B7-1 is one of the rarely noticed participants.
The role of B7-1 as a bidirectional regulator of T-cell activation and immune tolerance is well established and involves binding to its cognate receptors CD28, CTLA, or PD-L1 (40) . A previous study has indicated that B7-1 is also an inducible mediator of podocyte injury and proteinuria. It is upregulated in podocytes in human and experimental lupus nephritis, as well as in mice with a targeted gene deletion of either ␣ 3 -integrin or nephrin. Of note, B7-1 knockout mice are protected from LPS-induced proteinuria (34) . The above findings indicate that induced B7-1 expression might mediate and initiate the rearrangement of actin filaments in podocytes. FPs and SDs subsequently diminish, and such structural changes contribute greatly to the development of proteinuria. Detailed molecular study reveals that B7-1 expression might cause proteinuria through an intricate interaction with talin and ␤ 1 -integrin (Mundel P, unpublished observations). Summarized from the past studies, it might suffice to conclude that the induction of B7-1 causes both structural and functional damages in podocytes and leads to proteinuria. However, this conclusion that B7-1 is damaging to kidneys may be oversimplified and lopsided if we consider the podocyte biology more physiologically and more practically. Normal and diseased kidneys excrete a certain amount of podocytes into urine, and these podocytes might be only damaged but viable (31) . In various diseases such as type I and II diabetes (41, 30) , IgA nephropathy (26) , and lupus nephritis (24) , the numbers of the excreted podocytes correlated well with disease severity and also disease activity. It is therefore rational to conclude that the more severely ill kidneys will retain fewer podocytes that are unable to replenish themselves. Theoretically, it would be plain and common to find nude basement membranes in the biopsies of glomerulonephritis because many podocytes might have detached during the disease process. However, a nude glomerular basement membrane is a rare finding when we examine the kidney tissues from patients with marked proteinuria. A rational explanation would be the neighboring podocytes migrate and/or hypertrophy to cover the podocyte-deficient nude areas and get in contact with each other (32, 25). The present study shows that HIF expression increases in hypoxia-treated glomerular podocytes and podocytes increase their motility. HIF would induce the compensatory mechanisms to rescue the hypoxic damages and hypoxia simultaneously brought up their motile nature trying to cover and protect the damaged nude areas. Such hypoxia-driven increase of cell motility has been well described in different cell types and various disease processes, for example, immunity (2) and cancer metastasis (16, 4) . However, HIF, as a major regulator in hypoxia, does not directly involve the molecular interaction of cytoskeletal proteins but requires other adaptor proteins (46) or GTPases (44) . Our study shows that hypoxia increased the expression of both HIF and B7-1. Immunoprecipitation demonstrated the direct interaction between HIF and B7-1, and B7-1 knockdown podocytes kept their SFs undisturbed by hypoxia and remained in a stationary phenotype. WT podocytes increase their motility by hypoxia stimulation, but B7-1 knockdown podocytes do not. We conclude that podocytes respond to hypoxic injury with increased HIF and B7-1 and the B7-1 expression mediates the increased hypoxia-driven cell migration. The facts that HIF might need other proteins to rearrange cytoskeletons and enhance cell motility were also shown in other cell types and other experimental situations (3) . NOS expression, a faithful downstream target and responder of hypoxia (14) and a recognized regulator of cytoskeleton (42) , was also examined to exemplify the B7-1 dependence of the hypoxic stimulation.
Given that renal hypoxia has pivotal roles in CKD, activation of HIF system and HIF-related adaptive genes can be targets of therapeutic approaches. To date, few studies have discussed the roles of the glomerular cells concerning hypoxic renal injuries. Our results challenge the common idea that hypoxia does not influence glomerular podocytes, and we found that the increased motility can be ameliorated through the inhibition of B7-1 that is important in the orchestration of cytoskeleton. It is also possible that our findings can be used to develop new treatment strategies for glomerulonephritis in the future.
